(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
24 January 2002 (24.01.2002) 




PCT 



(10) International Publication Number 

wo 02/07199 Al 



(51) International Patent Classifieation^: HOIL 21/302, 

21/461,21/311 

(21) International Application Number: PCT/USO 1/21005 

(22) International Filing Date: 2 July 2001 (02.07.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
09/618,174 



18 July 2000 (18.07.2000) US 



(71) Applicant (for all designated States except US): 
NANONEX CORPORATION [US/US]; 7 Foulet 
Drive, Princeton, NJ 08540 (US). 



(71) Applicant and 

(72) Inventor: CHOU, Stephen, Y. [US/US]; 7 Foulet Drive, 
Princeton, NJ 08540 (US). 

(74) Agent: BOOKS, Glen, E.; Lowenstein Sandler PC, 65 
Livingston Avenue, Roseland, NJ 07068 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, ON, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GD, GE, GH, 
GM, HR, HU, ID, XL, IN, IS, IP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 

[Continued on next page] 



= (54) Title: FLUID PRESSURE IMPRINT LITHOGRAPHY 



PROVIDE HOLD AND 
SUBSTRATE-SUPPORTED 
HOLDABLE UYER 



SEAL HOLD/LAYEfl 
INTERFACE 



(57) Abstract: An improved method of imprint lithography involves using direct 
fluid pressure to press the mold into a substrate-supported film (A). Advantageously 
the mold and/or substrate are sufficiently flexible to provide wide area contact un- 
der the fluid pressure (C). Fluid pressing can be accomplished by sealing the mold 
against the film and disposing the resulting assembly in a pressurized chamber. It 
can also be accomplished by subjecting the mold to jets of pressurized fluid. The 
result of this fluid pressing is enhanced resolution and high uniformity over an en- 
larged area. 



PRESS HOLD INTO LAYER 
By FLUID PRESSURE 



ON 
ON 

o 
O 



REMOVE MOLD AND. IF 
NECESSARY. HARDEN LAYER 



REHOVE MATERIAL IN 
RECESSES OF HOLDEO 
LAYER (OPnONAL) 



wo 02/07199 Al liliiiiliiniiiiiiilllflfliinil 



patent (AT, BE, CH, CY, DE. DK, ES, FI, FR, GB, GR, IE. For two-letter codes and other abbreviations, refer to the "Guid- 

rr, LU, MC, NL, PT, SB, TR), OAPI patent (BF, BJ, CF, ance Notes on Codes and Abbreviations'' appearing at the begin- 

CG, a, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette, 

Published: 

— with international search report 



wo 02/07199 



PCTAJSOl/21005 



FLUID PRESSURE IMPRINT LITHOGRAPHY 
FIELP OF THE INVENTION 

This invention relates to imprint lithography and, in particular, to 
imprint lithography wherein direct fluid pressure is used to press a mold into a thin 
film. The process is particularly useful to provide nanoimprint lithography of enhanced 
resolution and uniformity over an increased area. 

BACKGROUND OF THE INVENTION 

Lithography is a key process in the fabrication of semiconductor 
integrated circuits and many optical, magnetic and micromechanical devices. 
Lithography creates a pattern on a thin film carried on a substrate so that, in subsequent 
process steps, the pattern can be replicated in the substrate or in another material which 
is added onto the substrate. Conventional lithography typically involves applying a 
thin film of resist to a substrate, exposing the resist to a desired pattern of radiation, and 
developing the exposed film to produce a physical pattern. In this approach, resolution 
is limited by the wavelength of the radiation, and the equipment becomes increasingly 
expensive as the feature size becomes smaller. Nanoimprint lithography, based on a 
fundamentally different principle offers high resolution, high throughput, low cost and 
the potential of large area coverage. In naaoimprint lithography, a mold with nanoscale 
features is pressed into a thin film, deforming the shape of the film according to the 
features of the mold and forming a relief pattern in the fihn. After the mold is 
removed, the thin fihn can be processed to remove the reduced thickness portions. This 
removal exposes the underlying substrate for fixrther processing. Details of 
nanoimprint lithography are described in applicant's United States Patent No. 
5,772,905 issued June 30, 1998 and entitled '"Nanoimprint Lithography". The *905 
patent is incoiporated herein by reference. 
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The usual mettiod of pressing the mold into the thin film involves 
positioning the mold and the substrate on respective rigid plates of a high precision 
mechanical press. With such apparatus, the process can generate sub-25 nm features 
with a high degree of uniformity over areas on the order of 12 in^. Larger areas of 
uniformity would be highly advantageous to increase throughput and for many 
applications such as displays. 

SUMMARY OF THE INVENTION 

An improved method of imprint lithography involves using direct fluid 

pressure to press a mold into a substrate-supported fihn. Advantageously the mold 

and/or substrate are suf3ficiently flexible to provide wide area contact under the fluid 

pressure. Fluid pressing can be accomplished by sealing the mold against the film and 

disposing the resulting assembly in a pressurized chamber. It can also be 

accompUshed by subjecting the mold to jets of pressurized fluid. The result of this 

fluid pressing is enhanced resolution and high uniformity over an enlarged area. • 
BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages, nature and various additional features of the invention 
will appear more fully upon consideration of the illustrative embodiments now to be 
described in detail in coimection with the accompanying drawings. In the drawings: 

Fig. 1 is a schematic flow diagram of the steps in an improved method 
of imprint lithography; 

Fig. 2 illustrates a typical mold and a substrate bearing a moldable film 
for use in the improved method of Fig. 1; 

Fig. 3 illustrates apparatus for practicing the improved method of Fig. 1; 

Figs. 4A, 4B and 4C show the moldable layer and substrate at varioiis 
stages of the process of Fig. 1; 
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Figs. 5A, 5B and 5C illustrate various fiirfher processing steps that can 
be performed on the substrate; 

Figs. 6A-6E illustrate alternative sealing arrangements useful in the 
method of Fig. 1; and 

Fig. 7 shows alternative apparatus for practicing the method of Fig. 1. 

It is to be understood that these draAving are for p\irposes of illustrating 

the concepts of the invention and are not to scale. 

DETAILED DESCRIPTION 

The use of a high precision mechanical press to press a mold into a thin 
fihn presents tolerance problems in replicating small patterns over large areas. Presses 
move on guide shafts through apertures, and the spacings between the shafts and their 
respective apertures can be large compared to the features to be replicated. Such 
spacings pennit undesirable relative translational and rotational shifts between the 
substrate and the mold. Moreover, despite the most careful construction, the molds and 
the substrates used in lithography are not perfectly planar. When these molds and 
substrates are disposed on the rigid plates of a press, the deviations from planarity over 
large areas can result in variations in the molding pressure and depth of imprint. 
Accordingly, it is desirable to provide a method of imprint lithography which avoids 
the limitations of mechanical presses. 

In accordance with the invention, the problem of imwanted lateral 
movements of mechanical presses is ameliorated by using direct fluid pressure to press 
together the mold and the moldable surface. The inventive methods apply fluid 
pressure over a surface of the mold, the substrate supporting the moldable surface or 
both. Because the fluid pressure is isostatic, no significant unbalanced lateral forces are 
applied. Direct fluid pressure also includes fluid pressure transmitted to the mold or 
substrate via a flexible membrane, as it does not interfere with the transmission of 
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isostatic pressure from the fluid. And streaming pressurized flmd from numerous 
openings in a pressure vessel can also apply nearly isostatic direct fluid pressure on the 
mold or substrate. 

It is contemplated that the invention will have important applications in 
the molding of a pattern on a previously pattemed substrate. The mold can be aligned 
with the previous pattern using conventional ahgnment techniques, and imprinting by 
direct fluid pressure minimizes any relative lateral shifts with consequent improvement 
in the alignment of the two patterns. 

Referring to the drawings. Fig. 1 is a schematic flow diagram of an 
improved process for imprint lithography using direct fluid pressure. An initial step 
shown in Block A, is to provide a mold having a plurality of protruding features and a 
substrate-supported thin film of moldable material. The protruding features are 
preferably micrometer scale features and, more advantageously, nanoscale features. 
The method is highly advantageously where the mold surface has at least two 
protruding features spaced apart by at least one lateral dimension less than 200 nm. A 
moldable material is one which retains or can be hardened to retain the imprint of 
protruding features from a mold surface. 

Fig. 2 illustrates a typical mold 10 with protruding features and a 
substrate 20 bearing a moldable thin film 21 for use in the process of Fig. 1. The mold 
comprises a body 11 and a molding layer 12 including a plurality of protruding features 
13 having a desked shape. The mold body 11 and the molding layer 12 are typically 
fused quartz, glass or ceramic. The molding layer 12 can be pattemed into features 13 
of nanoscale dimensions using electron beam lithography and etching techniques well 
known in the art. The thickness of layer 21 is typically in the range 0.1 nm - 10 lum, 
and the extent of protruding features 13 is typically in the range 0.1 nm - 10 pm. 
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The substrate typically comprises a semiconductor wafer such as a 
substantially planar wafer of monocrystalline silicon. The substrate could also be 
plastic, glass or ceramic. The moldable thin film 21 can be any polymer that can be 
made pliable to pressure and can retain a pressure-imprinted deformation or pattem. It 
can be a thOTnoplastic polymer, such as polycarbonate or polymethyl methacrylate 
(PMMA), which temporarily softens in response to heat. Alternatively it can be a 
liquid, such as a UV-curable silicone, which hardens in response to radiation or a liquid 
which cures with heat. It can also be a composite layer of polymer and hardenable 
liquid. The thin fihn is typically applied to the substrate by spraying or spinning. 
Advantageously the film polymer does not adhere to the mold surface. If necessary, the 
mold surface can be coated with a release agent to prevent such adherence. 

In high resolution applications, the mold and the substrate are 
advantageously made of the same material in order to minimize misalignment due to 
differential thermal expansion or contraction. 

Preferably the mold body 11, the substrate 20 (or both) is flexible so 
that, under the force of fluid pressure, the mold and the substrate will conform despite 
deviations fi:om planarity. Silicon substrates of thickness less than 2 mm exhibit such 
flexibility for typical imprint pressures. 

The next step, shown in Block B, is to place the mold and the thin-fihn 
together and to seal the interface of the mold with the thin film, forming a mold/film 
assembly. If the thin film already includes a previously formed pattem, then the pattem 
of the mold should be carefixlly aligned with the previous pattem on the film in 
accordance with techniques well known in the art. The objective of the sealing is to 
permit external fluid pressure to press the mold into the fihn. The sealing can be 
effected in a variety of ways such as by providing a ring of material such as an 
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elastomeric gasket around the area to be molded and peripherally clamping the 

assembly. 

The third step (Block C) is to press the mold into the film by direct fluid 
pressure. One method for doing this is to dispose the assembly in a pressure vessel and 
introduce pressurized fluid into the vessel The advantage of fluid pressure is that it is 
isostatic. The resulting force uniformly pushes the mold into the thin fihn. Shear or 
rotational components are de minimus. Moreover since the mold and/or substrate are 
flexible rather than rigid, conformation between the mold and the film is achieved 
regardless of unavoidable deviations from planarity. The result is an enhanced level of 
molding resolution, alignment and uniformity over an increased area of the film. 

The pressurized fluid can be gas or liquid. Pressurized air is convenient 
and typical pressures are in the range 1 - 1000 psi. The fluid can be heated, if desired, 
to assist in heating the moldable thin film. Cooled fluid can be used to cool the film. 

Fig, 3 illustrates a sealed mold^fikn assembly 30 disposed within a 
pressure vessel 31. The assembly 30 is sealed by a peripheral elastomeric gasket 32, 
extending around Ihe area to be molded. The periphery of the assembly can be lightly 
clamped by a clamp (not shown) to effectuate the seal. The vessel 31 preferably 
includes a valve-controlled inlet 34 for the introduction of pressurized fluid and a valve 
controlled outlet 35 for the exit of such fluid. The vessel 31 may optionally include a 
heater 36 for heating a thermoplastic or heat curable thin film and/or a transparent 
window 37 for introducing radiation to cure or cross link the film. A scalable door 38 
can provide access to the interior of the vessel. 

The next step shown in Block D, is to harden the moldable thin fihn, if 
necessary, so that it retains the imprint of the mold and to remove the mold. The 
process for hardening depends on the mat^al of the thin fihn. Some materials will 
maintain the imprint with no hardening. Thermoplastic materials can be hardened by 
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preliminarily heating them prior to molding and permitting them to cool after imprint. 
PMMA, for example, can be suitably softened by heating to 200° C prior to molding 
and hardened by cooling after imprint. Heat curable materials can be hardened by 
applying heat during imprint. The above-described heater 36 and/or the use of a heated 
pressurized fluid can effectuate such hardemng. Radiation curable materials can be 
hardened by the appUcation of UV radiation during imprint. Such radiation can be 
suppUed through the window 37 of - the pressure vessel. The mold can be made of 
transparent material to permit the radiation to reach the film. Alternatively, the 
substrate can be transparent and the window positioned to illuminate the film through 
the substrate. 

The fifth step shown iu Block E is optional in some appUcations. It is to 
remove contaminants (if any) and excess material from the recesses of the molded thin 
film. The molded film will have raised features and recesses. In many lithographic 
operations it is desirable to eliminate the material from the recesses so that the 
underlying substrate is exposed for further processing. This can be conveniently 
accomplished using reactive ion etching. 

Figs. 4A, 4B and 4C show the moldable layer and substrate at various 
stages of the process. Fig. 4A illustrates the layer 21 during imprinting by mold 
pressed by fluid pressure in the direction of arrow 40. The protruding features 13 of the 
mold press into layer 21, producing thinned regions 41. The recessed regions 42 of the 
mold between successive protruding features leave layer 21 with regions 43 of greater 
thickness. 

Fig. 4B shows the layer 21 after hardening and removal of the mold. 
The layer 21 retains fhe thinned regions 41 and thick regions 43 in accordance with the 
pattern imprinted by the mold 
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Fig. 4C illustrates the layer and substrate after removal of the excess 
layer material in the recesses, exposing nanoscale regions 44 of the substrate 20. 

In important applications the resulting structure is a resist-covered 
semiconductor substrate with a pattern of recesses extending to the substrate as shown 
in Fig. 4C. Such a structure can be further processed in a variety of ways well-known 
in the art. For example, the molded film can be used as a mask for the removal of 
surface layers in exposed regions of the substrate, for doping exposed regions or for 
growing or depositing materials on the exposed regions. 

Figs. 5A, 5B and 5C illustrate such further processing. In Fig. 5A, the 
substrate can include a surface dielectric layer 50 (such as Si02 on Si) and the mask 
layer can permit removal of the dielectric at exposed regions. In Fig. 5B impurity 
regions 51 can be diffused or implanted into the semiconductor selectively in those 
regions which are exposed, altering the local electrical or optical properties of the 
doped regions. Altematively, as shown in Fig. 5C new material layers 52 such as 
conductors or epitaxial layers can be deposited or grown on the exposed substrate 
within the recesses. After processing, the remaining material of the molded layer can 
be removed, if desired, using conventional techniques. PMMA, for example, can be 
cleaned away by washing with acetone. A substrate can be subjected to additional 
Hthographic steps to complete a complex device such as an integrated circuit. 

As mentioned above, there are a variety of ways of sealing the mold/film 
assembly 30 so that pressurized fluid will press the mold into the film. Figs. 6A-6D 
illustrate several of these ways. 

Fig. 6A schematically illustrates an arrangement for sealing a mold/film 
assembly by disposing the assembly within a sealed covering of flexible, 
fluid-impermable membrane 40 (e.g. a plastic bag). In this arrangement the region 



-8- 



wo 02/07199 



PCTArSOl/21005 



between the mold and the moldable layer is sealed in relation to an external pressure 
vessel. Preferably the air is removed from the bag before molding. 

Fig. 6B shows an alternate sealing arrangement wherein the assembly 30 
is sealed by a peripheral sealing clamp 61 which can be in the form of a hollow elastic 
torroid. Sealing can be assisted by providing the mold with a protruding region 62 
extending around the region to be molded. Jn use, the clamp and pressurized fluid will 
press the protruding region 62 into the moldable film, sealing the molding region. 

Fig. 6C illustrates a sealing arrangement in which the assembly 30 is 
sealed by applying a peripheral tube or weight 63 which lightly presses the mold onto 
the moldable film. A peripheral protruding region 62 can assist sealing. 

Fig. 6D shows an alternative sealing arrangement wherein the assembly 
30 is sealed by a sealing o-ring 64 between the mold and the substrate. Preferably the 
o-ring seats within peripheral recesses 65, 66 in the mold and the substrate, 
respectively. Light pressure from a peripheral tube or weight 63 can assist sealing. 

Fig. 6E shows yet another sealing arrangement in which the assembly 30 
is disposed between flexible membranes 40A and 40B is enclosed within a pair of 
mating cylinders 67 A, 67B. Application of fluid pressure to the interior of the 
cylinders would press the mold and moldable surface together. 

Alternatively, two the cylinders could lightly seal against the mold and 
the substrate, respectively, before pressurization. Yet further in the alternative, the 
substrate could rest upon a support and a single cylinder lightly seal against the mold or 
a membrane. 

Fig. 7 illustrates altemative molding apparatus 70 where the assembly is 
disposed adjacent openings 71 in a hollow pressure cap 72 and the mold 10 is pressed 
into the moldable layer 21 by jets of pressurized fluid escaping througfh the openings 
71. The cap 72 (analogous to vessel 31) has an intemal chamber 73 for pressurized 
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fluid. The region between the mold and the moldable fihn is effectively sealed from 
the pressure vessel by the upper surface of the mold. 

In operation, the substrate and mold are placed on a substrate holder 79. 
The cap 72 can be held in fixed position above the mold 10, as by bars 74, 75. High 
pressure fluid, preferably gas, is pumped into chamber 73 through an inlet 76. The high 
pressure fluid within the chamber produces a fluid jet from each opening 71. These jets 
uniformly press the mold 10 against the moldable layer to imprint the mold features. 

Advantageously, the cap 72 can include a groove 77 along a perimeter 
of the face adjacent the mold 10. The groove 77 can hold an o-ring 78 between the cap 
72 and the mold 20. The o-ring decreases fluid outflow between the cap 72 and the 
mold 10, increasing the molding pressure and making it more uniform. 

Alternatively, the substrate holder 79 can have the same stmcture as cap 
72 so that the substrate is also pressed by jets of pressurized fluid. 

Examples 

The invention may now be better understood by consideration of the 
following specific examples. 

Example 1 

A silicon wafer of 4" diameter is coated with a layer of PMMA 150 nm 
thick. A mold is made of a 4'* diameter silicon wafer and has plural silicon dioxide 
protruding patterns 100 nm thick on one side of its surface. The mold is placed on the 
PMMA layer with the protruding patterns facing the PMMA. The mold and the 
substrate are sealed in a plastic bag within a chamber, and the chamber is evacuated. 
Then nitrogen gas at 500 psi is introduced in the chamber. A heater in the chamber 
heats the PMMA to 170"* C, which is above the glass transition temperature of the 
PMMA, softening the PMMA. Under the gas pressure, the mold is pressed into the 
PMMA. After turning off the heater and introducing a cold nitrogen gas, the PMMA 
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temperature drops below its glass transition temperature, and the PMMA hardens. 
Then the nitrogen gas is vented to the atmosphere pressure. The mold and substrate 
assembly is removed from the chamber. The bag is cut off, and the mold is separated 
from the substrate. 

Example 2 

A silicon wafer of 4" diameter is coated with a layer of PMMA 150 nm 
thick and is placed on a chuck. The chuck has a plurality of small holes on its surface. 
The holes can be connected either to vacuum or to pressurized gas. When the holes are 
connected to vacuum, the chuck holds the wafer on the chuck's surface. A mold made 
of a 4" diameter silicon wafer has a plurality of silicon dioxide protruding patterns ( 1 00 
nm thick) on one of its surfaces. The mold is held by a second chuck, which has the 
same design as the substrate chuck. The mold is placed on top of the PMMA layer with 
the protruding patterns facing the PMMA. The mold and the substrate are placed in a 
chamber. The PMMA can be heated from the chuck. 

During the imprint process, the PMMA is first heated above its glass 
transition temperature. A ring pattern on the mold seals off the mold pattern inside the 
ring from the pressure outside. Then the holes of both chucks are changed from 
vacuum to a gas pressure of 500 psi. The pressurized gas presses the mold protruding 
patterns into PMMA. Importantly, the pressurized gas presses the mold protruding 
pattern into the PMMA uniformly in submicron scale, despite the roughness of the 
backsides of the mold and the substrate as well as the roughness of the chuck surfaces. 

It is to be imderstood that the above described embodiments are 
illustrative of only a few of the many embodiments which can represent applications of 
the invention. Numerous and varied other arrangements can be made by those skilled 
in the art without departing from the spirit and scope of the invention. 
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CLAIMS: 

1. A method for processing a surface of a substrate comprising the 

steps of: 

applying a moldable layer on the surface of the substrate; 

providing a mold with a molding surface having a plurality of protruding 

features; 

pressing the molding surface and the moldable layer together by direct 
fluid pressure to reduce the thickness of the moldable layer under the protruding 
features to produce reduced thickness regions; and 

withdrawing the mold from the moldable layer. 

2. The method of claim 1 further comprising the steps of: removing 
the material of the moldable layer from the reduced thickness regions to selectively 
expose regions of the substrate; and 

further processing the substrate selectively in the exposed regions. 

3. The method of claim 2 wherein the further processing comprises 
doping the substrate with impurities, removing material from the substrate, or adding 
material on the substrate. 

4. The method of claim 1 further comprising the step of hardening 
the moldable layer after pressing. 

5. The method of claim 1 wherein the pressing comprises sealing a 
region between the mold and the moldable layer and subjecting the mold and the 
substrate to pressurized fluid. 

6. The method of claim 5 wherein the sealing comprises sealing a 
region between the mold and the substrate from the pressurized fluid. 

7. The method of claim 1 wherein the substrate or the mold or both 
are sufflciently flexible to conform together under the fluid pressure. 
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8. The method of claim 1 whereui the pressing comprises pressing 
the 5 mold and moldable layer together by streaming pressurized fluid. 

9. The method of claim 1 wherein at least two of the protruding 
features of the molding surface are laterally spaced apart by less than 200 nm. 

10. The method of claim 1 where the thickness of the moldable layer 
is in the range 0.1 imi to 10 gym. 

1 1 . Apparatus for processing a substrate comprising: 
a moldable layer disposed on a surface of the substrate; 

a mold with a molding surface comprising a plurality of protruding 
features disposed adjacent the moldable layer; and 

a pressure vessel containing pressurized fluid for supplying pressurized 
fluid to press together the molding surface and the moldable layer. 

12. Apparatus according to claim 11 further comprising a seal for 
sealing a region between the moldable layer and the molding surface from the 
pressurized fluid. 

13. Apparatus according to claim 12 wherein the seal comprises a 
device selected from a peripheral gasket, an o-ring, a fluid impermeable flexible 
membrane, and a peripheral clamp, 

14. Apparatus according to claim 11 wherein the substrate and mold 
are disposed within the pressure vessel. 

15. Apparatus according to claim 14 wherein the pressure vessel 
further comprises a heater for heating the moldable layer. 

16. Apparatus according to claim 14 wherein the pressure vessel 
further comprises a transparent window for permitting illumination of the moldable 
layer with radiation. 
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17. Apparatus according to claim 16 wherein the mold or the 
substrate is transparent to the radiation. 

18. Apparatus according to claim 11 wherein the pressure vessel 
includes a plurality of openings for providing pressurized fluid to press together the 
mold and the moldable layer. 

19. Apparatus according to claim 11 wherein at least two of the 
protruding features of the molding surface are spaced apart by less than 200 nm. 

20. Apparatus according to claim 1 wherein the protruding features 
of the moldable surface protmde by 0.1 nm to 10 p,m. 

21. A pressure molding system comprising: 
a pressure chamber; 

a mold having a face with features of at least two heights; and 

a substrate including a moldable layer located adjacent the face of the 

mold, a portion of the mold or the substrate being exposed to fluid pressure of the 

chamber for pressing together the mold and the moldable layer. 

22. The system of claim 21 wherein tfie pressure chamber includes 
an opening and the mold or the substrate is exposed to pressurized fluid from the 
opening. 

23. The system of claim 21 wherein the features on the mold are 
configured to imprint a pattem with a feature dimension smaller than 200 nm. 

24. The system of claim 21 further comprising a sealing device 
positioned to isolate a region between the mold and the substrate from pressure in the 
chamber. 

25. The system of claim 24 wherein the sealing device comprises a 
ring of material positioned between the mold and the substrate. 

26. The system of claim 25 wherein the ring is an o-ring. 
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27. The system of claim 24 wherein the sealing device comprises a 
flexible membrane. 

28. The system of claim 24 wherein the seaUng device comprises a 
clamp for peripherally clamping the mold to the substrate. 

29. The system of claim 24 wherein the sealing device comprises at 
least one cylinder for sealing against the mold, the substrate or flexible membrane. 

30. The system of claim 24 wherein the pressure chamber comprises 
a plurality of openings for directing pressurized flxiid towards the mold or the substrate. 

31. The system of claim 30 wherein the fluid is directed toward a 
surface of the mold not adjacent to the substrate. 

32. A process for patterning a mask layer on a semiconductor 
substrate comprising: 

applying the mask layer to the semiconductor substrate; 

disposing a mold having a patterned surface adjacent the mask layer; 

filling a chamber with pressurized fluid; and 

subjecting the mold or the substrate to pressurized fluid from the 
chamber 5 to press together the mold and the mask layer. 

33. The process of claim 32 wherein the material of the mask layer 
comprises a polymer and further comprising the step of curing the polymer after 
performing the pressing. 

34. The process of claim 33 wherein the curing includes illuminating 
the layer with radiation. 

35. The process of claim 33 wherein the cured mask layer conserves 
15 an imprinted pattern from the mold. 

36. The process of claim 32 further comprising cooling the mask 
layer to a temperature at which the material of the mask layer hardens. 
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37. The process of claim 32 wherein the material of the mask layer 
comprises resist. 

38. The process of claim 37 wherein the material of the mask layer 
25 comprises a liquid polymer. 

39. The process of claim 32 further comprising heating the mask 
layer prior to pressing to a temperature at which the material of the mask layer is 
pliable. 

40. The process of claim 32 wherein the pressing comprises applying 
the fluid pressure to a surface of the mold to push the patterned face of the mold 
towards the substrate. 

41. The process of claim 32 the pressing comprises applying the 
fluid pressure to a surface of the substrate to push the substrate towards the patterned 
face of the mold. 

42. The process of claim 32 further comprising: 

removing the mold from the mask layer leaving molded recesses in the 
mask layer; and 

cleaning the mask material from the molded recesses to expose regions of the substrate. 

43. The process of claim 42 further comprising one or more of the 
following steps: 

a selective etch of the exposed substrate, a selective diffusion of . 
impurities into the exposed substrate, and a selective deposition of material on the 
exposed substrate. 

44. The process of claim 32 further comprising positioning a sealing 
material to isolate a region between the mold and the mask layer from the fluid pressure 
in the chamber. 
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45. The process of claim 44 wherein the positioning includes placing 
a ring of material around a region between the mold and the mask layer. 

46. The process of claim 44 wherein the positioning comprises 
placing at least one flexible membrane between the pressure chamber and at least one 
of the mold and the substrate. 

47. A process of treating a semiconductor substrate, comprising the 

steps of: 

disposing a layer of mask material on the substrate; 

positioning a mold with a pattemed surface adjacent the layer of mask 

material; 

positioning a sealing device to isolate the layer of mask material from a 
pressure chamber; 

disposing the masked substrate and the mold in a pressure chamber; and 
increasing a pressure of pressurized fluid in the pressure chamber to 
force together the pattemed face of a mold and the layer of mask material. 

48. The process of claim 47, wherein the positioning of the sealing 
device hennetic^ly isolates a region between the layer of mask material and the mold 
from pressurized fluid in the pressure chamber. 

49. The process of claim 47 further comprising heating the mask 
layer prior to ttie increasing of pressure. 

50. The process of claim 47 fiirther comprising curing the mask layer 
after the pressing to harden deformations caused by the mold. 

51. The process of claim 50 further comprising removing the mold 
from contact with the mask layer after the curing. 

52. The process of claim 5 1 further comprising the step of removing 
contaminants from the mask layer after removing the mold. 
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53. The process of claim 50 further comprising cleaning the mask 
material from the deformations. 

54. The process of claim 53 including further processing the 
substrate by one or more of the following steps: selectively etching from the substrate, 
selectively doping impurities in the substrate, and selectively adding material on the 
substrate. 

55. The process of claim 47, wherein increasing the pressure 
comprises ^plying pressure to a fluid in the chamber. 

56. The process of claim 47 where the fluid comprises gas. 

57. The process of claim 47 where the fluid is liquid. 

58. The method of claim 1 wherein the substrate and the mold are 
made of the same material to minimize differential thermal expansion or 15 
contraction. 

59. The method of claim 1 wherein the moldable layer includes a 
previously formed pattern and the mold is aligned to the previously formed pattem 
before pressing the molding surface and the moldable layer together. 
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